In support of the Comprehensive Test Ban, research is underway on the long range propagation of signals from nuclear explosions in the deep underwater sound (SOFAR) channel. This f~st phase of our work at LLNL on signals in the source regions considered explosions in or above the deep (5000 m) ocean. We studied the variation of wave properties and source region energy coupling as a function of height or depth of burst. Initial calculations on CALE, a two-dimensional hydrodynamics code developed at LLNL by Robert Tipton, were linked at a few hundred milliseconds to a version of NRL's weak shock code, NPE, which solves the nonlinear progressive wave equation. The wave propagation simulation was performed down to 5000 m depth and out to 10,000 m range. We have developed a procedure to convert the acoustic signals at 10 km range into "st~er fie~" for calculations on a linear acoustics code which will extend the propagation to ocean basin distances.
Predictions of acoustic signals from explosions above and below the ocean surface: Source region calculations Douglas B. Clarke, Andrew Piacsek, and John W. White
In support of the Comprehensive Test Ban, research is underway on the long range propagation of signals from nuclear explosions in the deep underwater sound (SOFAR) channel. This f~st phase of our work at LLNL on signals in the source regions considered explosions in or above the deep (5000 m) ocean. We studied the variation of wave properties and source region energy coupling as a function of height or depth of burst. Initial calculations on CALE, a two-dimensional hydrodynamics code developed at LLNL by Robert Tipton, were linked at a few hundred milliseconds to a version of NRL's weak shock code, NPE, which solves the nonlinear progressive wave equation. The wave propagation simulation was performed down to 5000 m depth and out to 10,000 m range. We have developed a procedure to convert the acoustic signals at 10 km range into "st~er fie~" for calculations on a linear acoustics code which will extend the propagation to ocean basin distances.
Recently we have completed calculations to evaluate environmental effects (shallow q water, bottom interactions) on signal propagation. We compared results at 25 km range from three calculations of the same 1 kiloton burst (50 m height-of-burst) in three different environments, namely, deep water, shallow water, and a case with shallow water sloping to deep water. Several results from this last "sloping bottom" case will be discussed below. In this shallow water study, we found that propagation through shallow water complicates and attenuates the signal; the changes made to the signal may impact detection and discrimination for bursts in some locations.
INTRODUCTION AND SUMMARY
Our calculations in the source region for nuclear explosions above and below the ocean surface are part of a continuing effort at Lawrence Livermore National Laboratory to understand how the source region phenomena contribute to the signals which would be detected at ocean basin distances from such explosions. In support of the Comprehensive Test Ban, we have completed calculations and analysis for one kiloton explosions in a variety of environments. The overall goal of this work is to establish the long-range signature of large explosions to assist in detection and discrimination wherever the explosion may be, including underwater explosions or explosions in the low atmosphere.
The purpose of this document is to report the main results of our source region calculations, including results on energy coupling to the ocean by explosions above and below the ocean surface. We also report more recent work on the effects of the near source environment (e.g. shallow water, bottom materials) on signal characteristics.
The initial high temperature, high pressure non-linear phase of our calculations was completed using the LLNL hydrodynamics code CALE (Tipton, 1995) . Afier a time, typically a few hundred milliseconds, the pressures had dropped to less than 100 atmospheres (107 Pa). At this stage the motion was "linked" (transferred) to the weakshock propagation code, NPE (Nonlinear Progressive wave Equation ), developed by Ed McDonald and otheriat the Naval Research Laborator@6. With NPE, the calculations can be extended to distances of tens of kilometers (or times of tens of seconds), at which point the near-source-region phase has been completed.
Earlier we completed a set often calculations of one-kiloton explosions in or above the deep ocean. One advantage of beginning our simulations with the deep (5000 m) ocean was that this choice was the simplest case, since the depth allowed us to make the approximation that interaction with the bottom was a minor effect compared to the explosion and the development of the main shock wave. With these Deep Ocean calculations we have made predictions for the amount of energy coupled by an explosion within 1000 m of the ocean surface. With these ten calculations we varied the burst location from 1000 m below the surface ( = fully coupled) to 1000 m above the surface. We compared the total energy in the wave in the NPE grid at approximately 10,000 m range. This distance was chosen because it was twice the (simulated) ocean depth. It was expected that when the signal reached this range, the energy coupling and evolution into a deep ocean signal would be complete. The results formed the so-called coupling curve for bursts in or above the deep ocean and show that the coupling efilciency declines precipitously as the burst point in raised through the ocean surface. However, we predict that explosions above the ocean surface will produce observable hydroacoustic signals, and these signals will be unusual for their short duration and relatively low frequency content. tiesults from the ten calculations in the Deep Ocean study are being made available to other contractors in the form of "starting fields" for studies of long range propagation in ocean environments. Some results from this work were reported the fmt , two references (Clarke, White and Harris, 1995; and Clarke, 1996).
More recently we have completed a so-called shallow water study in an effort to understand the effects of the water environment (shallow or deep) and bottom effects --propagation in and attenuation by the mud or rock. We compared the results from three calculations of a one kiloton source burst 50 m above the surface. Each calculation had a different configuration (deep, shallow or sloping bottom). Unlike the Deep Ocean study, some effects of an ocean bottom were included. Working with Ed McDonald we made improvements to NPE to account for attenuation in the bottom. NPE is nearly acoustic, and it is limited to modeling bottom materials such as rock, sand or mud as fluids (no strength, no shear waves). These mud-like layers may however have a higher sound speed than water. In this study all three calculations had two layers of mud-like materials forming the bottom.
The NPE calculations were stopped after propagation for 17 seconds, equivalent to about 25 kilometers, a distance still much smaller than ocean basin distances. Comparing the signals in the three cases, we found that propagation through shallow water complicates and attenuates the signal. The case with the flat bottom (uniform 200 m depth) showed significant loss of energy, a peak pressure about 10 times lower than the other cases, signal dispersion and a shift toward low frequencies in the spectral shape. Both shallow water cases have more structure in the waves than the deep case. The changes made to the signal by propagation through shallow water may impact detection and discrimination for bursts in some locations.
Results from the shallow water study form a first step in understanding properties of explosion signals in the near-source region in/above a variety of environments. One could also expect that data could be created for starter fields for long range propagation. 
